High-fat and low-fat diets were fed for 24 weeks to two strains of mice differing in susceptibility to the development of dystrophic cardiac calcinosis (DeCl. The severity of DCC was assessed by histological examination and measurement of heart calcium concentrations. Plasma and renal tissue mineral levels were also measured.
Plasma calcium concentrations are carefully regulated in laboratory mice, as in all vertebrates. Deregulation can lead to life threatening muscular spasms. According to the currently prevailing definitions (Anderson 1983 ), a process called metastatic calcification occurs when excessive amounts of circulating calcium ions, combined with sufficiently high plasma phosphorus concentrations, result in sequestration of calcium crystals in soft tissues. Similar deposits occur during a process called dystrophic calcification, by definition in the absence of high calcium and phosphorus con centra-Correspondence to: F. A. R. van den Broek. Department of Laboratory Animal Science, Veterinary Faculty, Utrecht University, PO Box 80.166, 3508 TD Utrecht, The Netherlands tions, when degenerating soft tissue forms a nucleus for calcium precipitation.
Some inbred strains of mice suffer from spontaneous soft tissue calcifications (DiPaolo et a1. 1964) and when found in cardiac tissue this is usually called dystrophic cardiac calcinosis (DCC). DCC is a genetic trait which occurs in C3H mice and it is largely due to a single, recessive autosomal gene (Ivandic et a1. 1996) . Ivandic et a1.(1996) proposed that this locus could be involved in both DCC stages defined as tissue necrosis (stage II and calcification (stage II), though the exact mode of action is unknown. Van den Broek et a1. (1997) have suggested an involvement of deranged mineral homeostasis in the pathogenesis of DCC.
It has been reported that the feeding of fatrich diets to C3H mice resulted in an increased severity of DCC (Williams & Oliver 1961 , Ball et al. 1963 . Everitt et al.(1988) reported deaths associated with DCC when high amounts of fat were fed to lactating C3H mice. The effects of dietary fat during growth and maintenance are unclear, and findings in male and female C3H mice are contradictory (Olson et al. 1987 , Everitt et al. 1988 . For the understanding of the pathogenesis of DCC it is important to know whether fat-induced necrosis is an essential part of the process. C3H mice could be, independently of their susceptibility to DCC, vulnerable towards dietary-fat induced necrosis, after which the debris is calcified. If DCC is closely associated with the dietary fat content, the feeding of a high-fat diet to DCC-susceptible strains other than C3H mice should result in an increased incidence of the condition also. From earlier studies we know that female DBA/2 mice are more susceptible towards cardiac calcification than female C3H mice (Van den Broek et al. 1997 ).
In the current study we have attempted to evaluate the effect of the amount of dietary fat on both the histologically assessed severity of DCC and the chemically assessed cardiac tissue calcium content in female mice. Measurement of the cardiac tissue calcium content through chemical analysis (Van den Broek et al. 1997) has been proven to be a valuable tool in assessing DCC severity. To determine whether dietary fat affects cardiac tissue calcium content and if it is associated with an effect on DCC severity, the DCC sensitive DBA/2 strain and C57BL/6 mice from a DCC-resistant strain were compared in this study.
Materials and methods

Animals
Forty-two C57BL/60la and 42 DBA/20la females aged 3 weeks were obtained from Harlan Olac Ltd (UKl. At arrival, they were weighed, individually marked by clipping the ears, assigned to their experimental groups and housed in groups of three mice in a Macrolon Type II cage with a 375 cm 2 surface area (UNO BV,Zevenaar, The Netherlandsl. 207 Before the study commenced, all of the animals had free access to a commercial diet (RMH-B,Hope Farms, Woerden, The Netherlands) and demineralized water. Room temperature, humidity and lighting were controlled (21± 1°C, 40-60%, the artificial day light period lasted from 06:00-18:00 h).
Experimental diets
Two pelleted semi-purified diets, essentially complying with the AIN recommendations (Bieri et al. 19771differing with respect to fat and carbohydrate content were made. The low-fat diet contained 5% (w/wl soya bean oil. To formulate the high-fat diet the carbohydrates in the low-fat control diet were replaced isoenergetically (Beynen et al. 1993) by soya bean oil, resulting in 20.7% (w/w) soya bean oil (Table 1) . 
Treatment
After a 3-day acclimatization period (day 0), six animals of each strain were killed to obtain zero-time control values. The remaining animals of the two strains were put on one of two experimental diets, differing with respect to the amount of dietary fat. Thus, there were four experimental groups of 18 animals each. Six animals of each experimental group were killed after 6, 12 and 24 weeks on the experimental diets.
Blood collection
In a randomized order the animals were anaesthetized for collection of heparinized blood via aorta puncture. The blood was centrifuged at 1000 x g force for 15 min, after which plasma was collected and frozen at -20°C.
Dissection
The animals were killed while still under ether anaesthesia, and the heart and left kidney were excised. The heart was divided at a 90°angle with the septum to obtain comparably sized halves, each containing parts of both atria and ventricles: both parts were weighed separately. The left kidney was weighed and together with one heart half deep frozen at -20°C; the other heart half was stored in a buffered 4% formaldehyde solution.
Histologic examination
The formaldehyde-stored heart half was cut transversally into 10~lm slides. Eight slides were picked at even intervals along the heart axis. These were stained according to Von Kossa (Mallory 1961) . Scores for the severity of DCC were attributed to each heart slide by one observer (FARvdB)when blinded to treatment modality according to the criteria listed in Table 2 . Each animal was attributed a total DCC score, summing the scores of 8 histological slides.
Chemical analysis
The deep-frozen heart halves, the left kidneys and two food samples of each diet were dried overnight at 106°C and the dry weights were measured. Subsequently these samples were Van den Broek & Beynen 
Statistical analysis
Statistical analysis was performed, using a commercially available statistical package, (Superior Performance Software Systems Inc (SPSS) 1995). All parameters were tested for normality of distribution by means of a Kolmogorov-Smirnov test. The normally distributed values for day a were subjected to the t-test. A Mann-Whitney U-test was applied on the histological scoring results.
All normally distributed data were subjected to a MAN OVA statistical procedure with the factors strain (S), time IT) and diet (D) and interactions. Body weight data were not normally distributed and thus subjected to a Kruskal-Wallis one-way analysis of variance. The acceptable risk of a type I error was preset at 5% (P < 0.05).
Food intake data were not subjected to statistical testing since the animals were housed in groups of three, resulting in only two values per experimental unit.
Results
Body weights and food intake
The body weight values showed statistically significant effects with regard to the factors age, strain and diet. The C57BL/6 mice given the high-fat diet tended to put on more weight than the DBA/2 mice. Both DBA/2 and C57BL/6 mice on the high-fat diet ingested similar amounts of food as their counterparts given the low-fat diet (Table 3) . Since the two experimental diets contained comparable amounts of minerals and other nutrients on an energy basis, C57BL/6 mice on the high-fat diet had ingested larger amounts of all nutrients except carbohydrates. One DBA/2 mouse fed on the low-fat diet died after 12 weeks.
Histology Table 4 lists the histology findings. At the start of the experiment a single Von Kassa positive focus was found in one C57BL/6 mouse. From 6 weeks onwards, on both experimental diets, the majority of DBA/2 mice scored positive, whereas all but one C57BL/6 mouse fed the low-fat diet scored negative.
The group average DCC score peaked at week 6 for DBA/2s on the low-fat diet and at week 12 for the DBA/2s on the high-fat diet (Table 4 ). Besides the obvious difference between the weanling mice (week 0) and the mice aged 9 weeks (week 6), there was no statistically significant time, nor diet effect. 209 The two strains under study differed significantly with respect to the DCC severity scores, with an average score of 3.01 for all DBA/2 mice and 0.05 for all C57BL/6.
Chemical analysis
Heart In the predominantly DCC-unaffected C57BL/6, the cardiac calcium content declined from week 0 to week 24 (Table 5 ). DBA/2 mice had significantly higher cardiac calcium concentrations than C57BL/6 mice. The observed difference as a result of the diet-effect was also statistically significant. The magnesium content of the heart did not seem to be dependent on strain, age or dietary treatment. The cardiac phosphorus content declined in both strains from weaning until week 12.
Kidney DBA/2 kidneys contained significantly more calcium than those of C57BL/6 mice (Table 6 ). In DBA/2 mice the feeding of extra fat resulted in less kidney calcium content, but the diet had no effect on calcium levels for C57BL/6 mice. In both strains kidney calcium content decreased with age. Phosphorus and magnesium concentrations in the kidney were slightly lower in DBA/2 compared to C57BL/6 mice, and again both declined with age, apparently unaffected by the dietary treatment.
Plasma Plasma calcium concentrations declined significantly with age, equally in For body weight there were significant effects of dietary fat (D), mouse strain (5), time interval (T) and of D x 5 x T interactions (P < 0.05) according to MANOVA *t Not included in MANOVA; results with different superscripts differ significantly (P < 0.05) according to the t-test .•.. both strains and on both diets (Table 7) .
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increased phosphorus intake led to an .•.. For heart calcium there were significant effects of amount of dietary fat (D), mouse strain (5), time interval (T) and of D x 5 interactions (P < 0.05) according to MANOVA For heart phosphorus there were significant effects of 5 and T only * Not included in MANOVA; results with different superscripts differ significantly (P < 0.05) according to the t-test ages, unbalanced for the sexes, and food intake was not registered. Everitt et al. (1988) using breeder C3H mice, also reported that DCC severity increased after feeding a high-fat diet; this effect may have resulted from the combination of a high-fat diet and the condition of breeding, or could be explained by the possibility that C3H mice are vulnerable to dietary fat. There are some indications that C3H For plasma magnesium and phosphorus there were significant effects of mouse strain (5) and time interval m (P < 0.05) according to MANOVA * Results with different superscripts differ significantly (P < 0.05) according to the Mann-Whitney U-test or the t-test and DBA/2 mice differ with respect to plasma triglyceride and cholesterol concentrations when fed hypercholesterolemic diets (Aubert et ai. 1988) : DBA/2 mice had higher plasma triglyceride concentrations whereas C3H had higher plasma cholesterol levels. Ivandic et al. (1996) suggested that a single gene could be involved in both stage I (tissue necrosis) and stage II (calcification) of DCC. They used a high-fat, high-cholesterol diet to enhance the expression of this gene, later named Dyscalc, which is associated with cardiac calcification in C3H mice. High dietary fat might promote tissue necrosis under specific conditions, thus enhancing stage I, but our data do not support the idea that it could trigger stage II in DBA/2 mice.
Dietary fat lowered the calcium content of the kidneys of DBA/2 mice, but the effect was not reflected in the plasma mineral levels: a comparable observation was made by Olson et ai. (1987) . It has been shown that plasma mineral concentrations do not always reflect the tissue concentration (Brautbar et al. 1979) . The kidneys however play an important role in mineral homeostasis, and may actually reflect the mineral status of the body better. The mechanism causing the decreased calcium content of the DBA/2 kidney in this study is uncertain, but dietary fat is known to decrease the absorption of calcium from the digesta in several species (McDowell 1992) and this may be an explanation.
In conclusion our data indicate that dietary fat is of minor importance in elucidating the pathogenesis of DCC, contrary to what would have been suspected from the similarity between DCC and atherosclerosis.
